Background/Aims: To analyze alterations of interferon-γ-induced protein 10 (IP-10) and thymus and activation-regulated chemokine (TARC) levels in early acute liver transplantation rejection. Methods: Thirty-six patients with early acute liver transplantation rejection were classified as non-, mild, moderate, and severe rejection groups. The levels of serum IP-10 and TARC were determined on days 3, 2, 1, and 0 before biopsy. Results: The IP-10 activities in all rejection groups were significantly higher (p < 0.05) than those in the non-rejection group at all time points and correlated with the extent of rejection (p < 0.05). The differences in TARC among the three rejection groups were significant (p < 0.05), and its highest level was found in the mild rejection group at all observed time points, whereas its lowest level was detected in the severe rejection group. The analysis of the TARC/IP-10 ratio revealed that the volume was correlated with the rejection degree. This ratio in the moderate and severe rejection groups on days 2, 1, and 0 before biopsy were 20% lower than that before transplantation. Conclusion: Serum IP-10 showed an increasing trend during early acute liver transplantation rejection. IP-10 increase or TARC/IP-10 ratio decrease combining with abnormal hepatic enzymatic alteration could be a valuable and specific sign for early rejection of the transplanted liver.
Introduction
The most severe liver disorder is liver failure which can result from viral hepatitis, cirrhosis, liver injury by alcohol or drugs, etc. The most efficient method to prevent the severe liver failure is liver transplantation. However, rejection of the transplanted liver tissue by the recipient's immune system will critically affect graft, especial patient survival state. The incidence of transplant rejection can be limited by determination of the molecular similitude between each specific donor and recipient, which facilitates the achievement of improved transplant compatibility. On the other hand, the administration of conventional immunosuppressive drug therapy to the recipient after the transplantation further decreases the risk of donor organ rejection by the recipient [1] . The employment of these measurements contributes to obtaining a balance between the tissues of the recipient and allograft, which is beneficial to the survival of allografts in the novel environment of the recipient. Breaking this balance results in the rejection of the allograft. According to its clinical properties and pathological/biochemical changes, liver transplant rejection can be divided into early acute, late acute, and chronic cellular [2] . The early acute cellular rejection occurs within one month after liver transplantation [3] . Early diagnosis is very important for prognosis and successful treatment to improve the patient and allograft survival rates [3] [4] [5] .
Recently a growing body of biomedical research has been focused on the disease-related activities of chemokines. Interferon-γ can induce monocytes, endothelial cells, and fibroblasts to secrete interferon-γ-induced protein 10 (IP-10), which is also known as C-X-C motif chemokine 10 (CXCL10) or small-inducible cytokine B10 [6] . IP-10 has several bioactivities, such as chemo attraction of monocytes/ macrophages, T cells, NK cells, and dendritic cells, promotion of T-cell adhesion to endothelial cells, antitumor activity, inhibition of bone marrow colony formation, and angiogenesis [7, 8] . Scientists have noticed that some soluble cytokines and chemokines may participate in rescuing injured hepatocytes during the liver transplantation [9] . Besides being a marker of inflammatory damage, IP-10 expression was found to be related to the degree of liver inflammation, necrosis, and fibrosis [10, 11] . It was perceived as well that IP-10 is involved in the heart and kidney allograft rejection [12, 13] and in the pluripotent stem cells and hepatocytes transplantation in mice acute liver failure models [9] .
Thymus and activation-regulated chemokine (TARC), also known as chemokine (C-C motif) ligand 17 (CCL17), is a small cytokine of the CC chemokine family [14] . TARC is expressed mainly in the thymus, and only momentarily expressed in peripheral blood mononuclear cells under phytohemagglutinin-stimulation [14] . The activity of T cells is promoted by the interaction of the chemokine to its receptor, CCR4 [15] . TARC may be implicated in heart, skin, and lung allograft rejection in animal transplantation models [16] [17] [18] .
Early diagnosis of the rejection can provide more opportunities to rescue the patients and allografts. The most credible indicator for the diagnosis of the liver transplantation rejection is biopsy [4] . However, the opening wounds of biopsy frequently limit its clinical employment. Wang et al. deemed the increase in blood eosinophil counts as a valuable indicator for late acute rejection after liver transplantation [19] . No efficient predicator of early acute rejection after liver transplantation has been reported so far. Here, we propose that the level of IP-10 and TARC may correlate with the severity of the early acute rejection after liver transplantation.
In this study, we dynamically analyzed serum IP-10 and TARC levels in 36 patients diagnosed with different degrees of early acute rejection after liver transplantation. We found a correlation between the TARC/IP-10 ratio and the severity of the rejection. Thus, combining with abnormal alteration of hepatic enzymes it could be considered as a valuable and specific indicator for the clinical treatment and prognosis of early acute liver transplant rejection.
Materials and Methods

Patients
All the patients were hospitalized in the Department of Organ Transplantation, Tianjin First Central Hospital, Tianjin, China from January to August of 2004. During the 7-14 days after primary orthotopic liver transplantation, 36 patients (26 males and 10 females) who were suspected of having early acute rejection were selected for the study. They were between 17 and 63 years old, with an average age of 49 years. The patients were undergone immunosuppressive therapy with 0.075 mg/kg/d Tacrolimus (FK506), 750 mg/kg/d Mycophenolate mofetil (MMF), and Methylprednisolone (day 0: 10 mg/kg. iv; day 1: 50 mg/ kg. iv q6h; day 2: 25 mg/kg. iv q6h; day 3: 20 mg/kg. iv q12h; day 4: 10 mg/kg. iv q12h; day 5-14: 8 mg/kg. iv qd.). The inductive therapy was performed with Basiliximab (day 0: 20 mg. iv; day 4: 20mg. iv). Once the patients were suspected to suffer from early acute cellular rejection after liver transplantation, a liver biopsy was performed for pathological diagnosis. The detail general and clinical information and liver functional blood tests of these patients were listed in Table 1 and 2. This study was conducted with the approval of the Institutional Human Ethics Committee of Tianjin First Central Hospital.
Group classification
Depending on the pathological characteristics (the data are not shown here) of the liver biopsy and Banff Schema [20] , the patients were divided into specific groups: non-rejection (Banff score ≤ 3), with 8 patients; mild rejection (Banff score 4-5), with 15 patients; moderate rejection (Banff score 6-7), with 8 patients; and severe rejection (Banff score s 8), with 5 patients. 
Serum collection and biopsy
All the patients who received a liver transplant operation were underwent a conventional daily examination in the first two-weeks to monitor the hepatic enzymes level. Once the patient's serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and total bilirubin (TBIL) levels did not show a declining trend as normal but increased, meantime, other reasons (such as severe infection or surgical reasons) were excluded, he-she was considered to do a biopsy. Therefore, all the previous examined data (include -3, -2, and -1 day) were available for every patient.
Peripheral venous blood was collected from the fasting patients on days 3, 2, 1, and 0 before liver biopsy. The serum samples collected before liver transplantation were used as a negative control. The blood was kept for 30 min at room temperature and centrifuged at 6200 x g for 10 min at 4°C. Then, the supernatant serum was withdrawn, transferred into an Eppendorf tube, and stored at -20°C.
Assays of IP-10 and TARC activity by enzyme-linked immunosorbent assay (ELISA)
The serum activities of IP-10 and TARC were assayed by using human CXCL10/IP-10 (BGI, Cambridge, MA, USA) and CCL17/TARC (BGI, USA) ELISA kits. The assays were performed following the standard protocol provided by the kit instructions. IP-10 and TARC concentrations were calculated as ng/L as directed by the instructions.
Statistical analysis
Comparative analyses among groups were performed using the Kruskal-Wallis method. Once the difference was found to be statistically significant, a multiple pairwise comparisons analysis was carried out by the Nemenyi SNK method. Before and after the treatment, a comparative analysis within each group was conducted by the t-test or the Wilcoxon signed-rank test. The differences were considered statistically significant at p < 0.05.
Results
Serum IP-10 levels in the different groups
The serum IP-10 level was determined in all groups on days 3, 2, 1, and 0 before the liver biopsy. In all the rejection groups, the IP-10 levels were higher than those in the nonrejection group, in which a similar IP-10 level was maintained in all four days (Fig. 1) . In all the rejection groups, this level was significantly higher at each time point (p < 0.05) than that in the non-rejection group. The changing pattern of the IP-10 level in the liver transplant rejection exhibited a positive correlation between the rejection grade and the IP-10 level. These alterations were significant before and after the liver biopsy (p < 0.05) (Fig. 1) .
Serum TARC levels in the different groups
Among all groups at all-time points, the highest TARC concentration was found in the mild rejection group, and the lowest was detected in the severe rejection group (Fig. 2) . The difference in the TARC activity between the mild/severe and the non-rejection group was significantly higher (p < 0.05). On the other hand, the level of TARC in the moderate rejection group did not differ from that in the non-rejection group (p ˃ 0.05). A remarkable trend of reduction was observed in the severe rejection group along with approaching the day of the diagnosis (day 0). Yet, the other groups did not show any trend.
TARC/IP-10 ratio in all groups
To effectively evaluate the tolerance of the recipients to the graft, we investigated the trends in the ratio TARC/IP-10 in all studied groups (Fig. 3) . Before liver transplantation, the values of the TARC/IP-10 ratios were similar in all the patients. After the liver transplantation, the TARC/IP-10 ratio in the non-rejection group sustained at a relatively high level (within the range 1.39-1.59 ng/L). Compared to the non-rejection group, in the mild rejection group these ratios were not different on days 3 and 2 before the liver biopsy (p ˃ 0.05), but decreased considerably (p < 0.05) on days 1 and 0 prior to liver biopsy. As expected, the 
Discussion
A study by Kunzendorf et al. suggested that T H 1 cells exert a major role in the immune response in acute cellular rejection after liver transplantation [21] . The T H 1 cells activated by a donor-specific antigen were enhanced by chemokines and their receptors to migrate from the periphery to the transplanted organ [22] . The neutralization of a single chemokine with a monoclonal antibody can prolong the allograft survival in heart-and kidney-transplanted animal models. The most pronounced effects were obtained by prohibiting the IP-10 receptor CXCR3 [23] or the CC-chemokine receptor 5 (CCR5) [24] . In this study, the IP-10 3 . Serum TARC/IP-10 ratio at the indicated time compared to that before the transplantation. The ratio was calculated based on the data of Fig. 1 and  2 at the indicated time. Statistical analysis: a refers to P ˂ 0.05 compared to the non-rejection group; b indicates P ˂ 0.05 compared to the mild rejection group; c represents P ˂ 0.05 compared to the moderate rejection group. Compared to the ratio before transplantation, on days 3-0 in the non-rejection group, on days 1-0 in the moderate rejection group, and on days 2-0 in the severe rejection group before biopsy are significant (P ˂ 0.05). All data are shown as mean ± SD. level in the non-rejection control group was relatively low. In the other rejection groups, the IP-10 level showed a trend for an increase of varying degrees during the episodes of acute rejection, and was significantly higher than that of the non-rejection control (p < 0.05). There was a positive correlation between the concentration of IP-10 and the degree of rejection (Fig. 1) . Our results suggested that the increased IP-10 level in all allograft rejection groups indicated that T H 1 cells participated in the inflammation process. Furthermore, IP-10 as a chemokine secreted by T H 1 cells [25, 26] is deeply involved in early acute allograft transplant rejection [27] . Indeed, IP-10 plays an important role to maintain a balance between allograft and recipient. In a rat intestinal transplantation study, Xu et al. found that the group of bone merrow transfusion containing with dendric cell silence obtained good health, less pathological injury, and less rejection, which is correlated with serum IL-2 decreases and serum IL-10 increases [28] . As well, in a heart transplantation study, Gassa et al showed that Knock-out IP-10 could result in a over immune response, liver dysfunction, and even death [29] . Since the acute rejection after liver transplantation is an exceedingly complex process, factors involved other than IP-10 are awaiting to be explored.
TARC is a T H 2 cell chemokine , whose receptor, CCR4, is distributed mostly on the surface of T H 2 cells [30] . The reaction between the chemokines and their receptors contributes to the allograft rejection progress [31] . Actually, TARC is reported to be involved in allograft rejection in some animal models [16, 17] . However, it is still uncertain whether T H 2 cells and their cofactors participate in human allograft rejection process. In our investigation, the level of TARC was the highest in the mild rejection group among all observed groups. Conversely, the level of TARC in the severe rejection group was the lowest. Indeed, the trend of a decline is clear and noticeable. The explanation could be that TARC may attract T H 2 cells to participate in the rejection process in the early stage of the allograft rejection [16, 17] . However, in the later period of the acute allograft rejection progress, the increased IP-10 levels combined with the decreased TARC expression revealed that the T H 1 chemokines obtain an advantage due to the antagonistic relationship between the chemokines secreted by T H 1 and T H 2 cells. This inference is consistent with the results in a previous report that IP-10 gradually became the protagonist during the acute allograft rejection progress [32] .
In a renal allograft acute rejection study, Oliveira et al. indicated that T H 1 cells are involved in acute allograft rejection process. T H 2 cells, on the other hand, contribute to the chronic kidney rejection [33] . The balance between T H 1 and T H 2 cells is crucial for inducing or avoiding the allograft rejection. Sayegh et al. [34] found that the mRNA expression of the cytokines for T H 1 in an animal model of heart transplantation were upregulated after allograft rejection. However, after the transplantation, the number of T H 2 cells in the spleen of the nonrejection mice was much higher than that of T H 1. Infiltration of scattered lymphocytes was observed in the antibody-induced immune suppression after heart transplantation in mice. Here also, the number of T H 1 cells declined considerably, whereas that of T H 2 was augmented. These data suggested that the balance between T H 1 and T H 2 cells do play an important role during the allograft rejection progress. Suppression of the T H 1 cell activity would stimulate the T H 2 activity. In our study, IP-10 represented the typical T H 1 cell cytokine, and the TRAC was used as a representative of T H 2 cell cytokines. To assess the dynamics of the balance between T H 1 and T H 2 cells, we set up the TRAC/IP-10 ratio as an indicator. The situation of the immune suppression and allograft rejection after transplantation was revealed. From our results, we discovered that the degree of the severity of the early acute allograft rejection is consistent with the decline in the ratio TRAC/IP-10 ( Fig. 3) . This finding indicates that the immune suppression status is broken, and allograft rejection process is underway in these patients. The dynamic observation of the ratio in the moderate and severe rejection groups indicated the effectiveness of the current treatment or prompted us to change to another measurement. Meanwhile, the ratios were relatively higher in the non-rejection and the mild rejection groups, which suggested that immune tolerance was induced by chemokines of T H 2. Continued supervision of this ratio in the non-and mild rejection groups helped us to predict the tendency to turn to accept or reject the allograft by the recipient's immune system. To facilitate and clarify our judgements, we illustrated the ratio of the TRAC/IP-10 expressed as 
